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suggested that the structure of collagen had not yetG.N. Ramachandran (1922–2001)
been solved and that it would be a challenging problem
to tackle. Ramachandran’s career in molecular biophys-
ics began taking off at that point. In 1955, within twoFor most molecular biologists and even for undergradu-
years of starting work on collagen, he and Kartha, hisate students of biochemistry, the name “Ramachan-
postdoctoral research fellow, had written a paper de-dran” immediately brings to mind the so-called Rama-
scribing the triple helical structure of collagen. Afterchandran diagram or the Ramachandran Phi-Psi map.
several months in process, this paper was finally pub-Dr. Ramachandran passed away in Madras, India on
lished in Nature.April 7, 2001 after a period of prolonged illness due to
Rich and Crick in Cambridge and Randall, Cowan,Parkinson’s disease. The Phi-Psi map was not his only
and North in King’s College London were the two leadingcontribution in the field of molecular biophysics; he and
groups working on collagen structure for many years.Gopinath Kartha were the first to propose the triple heli-
They had not even heard of Ramachandran and Karthacal structure for collagen, the connective tissue protein,
working on the same problem in far off India, much lessseveral years before the conformational map. In fact, the
that they had come up with a model totally differentformer studies naturally led to the latter. Ramachandran
from what either group was working on. Within a fewwas certainly one of the most famous Indian scientists
weeks of the Ramachandran and Kartha publication,and had been rightly called the father of molecular bio-
papers from the Cambridge and London groups re-physics in India.
porting similar structures were also submitted to NatureBorn in the state of Kerala in a family that highly valued
and published shortly afterward. A controversy occurrededucation (his father was a mathematics professor and
regarding, among other things, the number of hydrogenthe principal of a college in Kerala), Ramachandran grew
bonds for every three residues of the collagen helix:up in what was then British India. Having graduated in
there were two in Ramachandran’s model and one inphysics with very high honors, he joined the Electrical
Rich’s model. Most other features were identical in allEngineering Department of the Indian Institute of Sci-
three models.ence in Bangalore. But his mind was set on working
Ramachandran always felt, rightly or wrongly, that hewith the only Indian Nobel Laureate in science at the
time, Professor Sir C.V. Raman of the Raman effect. did not get the credit he deserved for his remarkable
Professor Raman was head of the Physics Department discovery of the triple helical concept. It was also the
and director of the same institute. The story goes that time when Watson and Crick’s double helical structure
after repeated requests by Raman to transfer Rama- of the more glamorous DNA molecule was being her-
chandran to his department failed, he sent a stern note to alded as the most important discovery of the century.
the chairman of the Electrical Engineering Department, In any event, Ramachandran felt that it was a major
saying “I am admitting Ramachandran into my labora- let down by the scientific community in the developed
tory because he is too bright to be in your department.” world.
Ramachandran’s early work consisted of optical stud- The collagen controversy led Ramachandran and Sa-
ies of the corona and studies of light scattering in period- sisekharan to investigate possible conformations of
ically stratified medium. He also studied the optical polypeptide chains. Starting with dipeptides and tripep-
properties of diamond and he coined the term “X-ray tides and a simple concept of steric hindrance — no
topography” to describe the variation of perfection on two atoms can come closer than the sum of their van
the surface of diamond crystals. He got his first doctor- der Waals radii — they began working out all possible
ate in 1946, just as India was about to become indepen- conformations of polypeptide chains and started classi-
dent of British rule. He was among the first group of fying them as fully and normally allowed structures. They
scientists sent by the new Indian government to England
defined two angles, Phi and Psi, to describe the rotation
or the United States for higher education. Ramachan-
about the C–N and C–C bonds in a peptide. In latedran went on the prestigious 1851 Exhibition Scholar-
1962, they published the Phi–Psi plot, clearly delineatingship to the Cavendish Laboratory in Cambridge, En-
the allowed regions for a dipeptide. The first conforma-gland, where Sir Lawrence Bragg was the director.
tional map was drawn.Perutz and Kendrew were about to launch the structure
The experimental proof of the Ramachandran plotanalysis of hemoglobin and myoglobin. Ramachandran
came almost immediately, when Sir John Kendrew pub-worked with Wooster and Lang on the problem of ther-
lished the atomic resolution structure of myoglobin. Ra-mal diffuse X-ray diffraction and used it to determine
machandran was very pleased to find that all the experi-elastic constants of crystals. He obtained a second doc-
mentally observed dihedral angles of myoglobin weretorate degree from Cambridge in about two years, a
contained in the allowed regions predicted in his map.record time even for Cambridge.
John Edsall quickly recognized the importance of Rama-Returning to India, Ramachandran became the youn-
chandran’s work and asked him and Sasisekharan togest professor of physics in Madras University in 1952.
write a detailed review in the Advances in Protein Chem-During a conversation with Professor J. D. Bernal, who
istry. The International Union of Pure and Applied Chem-was visiting Madras in early 1953, Ramachandran asked
the guru’s advice about research on biopolymers. Bernal istry and the International Union of Biochemistry quickly
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Dr. and Mrs. G.N. Ramachandran with Dorothy Hodgkin (right) and Tom Blundell (left) at the Royal Society of London on the occasion of
Ramachandran’s induction as a fellow of the Royal Society.
provided standards of nomenclature for this rapidly ex- Murthy, Suguna, and their coworkers in this laboratory
are solving structures of proteins as rapidly as they canpanding field of protein conformations.
Meanwhile, Ramachandran was making other impor- crystallize them, fulfilling Ramachandran’s dreams.
Meanwhile, Ramachandran was appointed a visitingtant contributions in the field of crystallography. He and
his student Raman solved the phase angles of X-ray professor of biophysics at the University of Chicago,
where he visited every summer, and continued his re-reflections using anomalous dispersion and determined
the complete structure of lysine hydrochloride using search with funding from the National Institutes of Health
and the National Science Foundation. During this period,anomalous differences in intensities between a Friedel
pair of reflections. He described various forms of Fourier he and A.V. Laxminarayanan published a classic paper
in the Proceedings of the National Academy of Sciencessyntheses that could be used when a part of the struc-
ture was known. He proposed various statistical tests on the three dimensional reconstruction of an object
from two-dimensional shadowgraphs of a number offor distinguishing between centrosymmetric and non-
centrosymmetric crystals and similar tests to quantitate its slices. It formed the basis of “Computerized Axial
Tomography.”the degree of isomorphism between two related crystal
forms. He described ways of combining isomorphous In 1977, Ramachandran spent a year as a research
scholar in the Fogarty International Center of the Na-and anomalous differences to calculate electron density
maps, especially in the case of protein molecules. He tional Institutes of Health in Bethsda, Maryland. That
was also the year when he was elected a fellow of thestarted a very productive laboratory in the Department of
Physics of the University of Madras and trained several Royal Society of London, an honor that pleased him
immensely.students. I had the unique privilege of being one of them
just at the time when he was working on the conforma- At this stage in his life, Ramachandran more or less
stopped working in molecular biology and spent a fewtional maps.
Ramachandran would have loved to solve the struc- more years in the Institute working on what is called
Syaad Nyaaya, “the logic of may be.” This was a princi-ture of a crystalline protein in his own laboratory. Lack
of necessary computing facilities combined with the ple on which several Jain philosophers had written
abundantly and Ramachandran tried to put their conclu-prohibitively expensive instruments needed for such
work prevented him from venturing on such a project. sions on a mathematical basis. He was the sole member
of his department, which he named “The MathematicalHowever, in 1971 Ramachandran moved to the Indian
Institute of Science in Bangalore, where his scientific Philosophy Institute.” He wrote nearly 75 papers on this
subject; they have been archived in the library of thecareer had started three decades earlier as the head of
a Molecular Biophysics Laboratory. Currently, Vijayan, Indian Institute.
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Ramachandran received several offers to start a labo-
ratory from leading universities in the United States and
Europe, but he declined all of them and remained in his
own country. His mentor, Professor Sir C.V. Raman,
who believed strongly that good science could be done
anywhere in the world, must have influenced him. It
might have been true in Raman’s time, but Ramachan-
dran found it extremely difficult to convince his govern-
ment to fund basic research in a poor country like India
and remain abreast in a highly competitive field. In spite
of that, he succeeded in providing the infrastructure for
fundamental research in molecular biophysics in many
laboratories in India and many of the current scientists
working in India are either his students or close asso-
ciates.
He was very kind and generous to his students and
colleagues and took great interest in explaining basic
principles of protein structure to the totally uninitiated,
even high school students. There was only one thing
that truly interested him and that was science. Rama-
chandran was also a gifted lecturer; one needed no
previous background to understand his lectures even
on the most complicated subject. He was a marvelous
teacher who took great pleasure in teaching fundamen-
tals of crystallography, Fourier transforms, classical and
quantum mechanics, and protein conformations to his
students; it was always a great pleasure to listen to his
lectures.
Ramachandran was very generous with charitable
contributions to deserving organizations. He donated
most of his prize money to national charities and student
scholarships in India; for example, he funded a bed in
the name of his parents in the Adyar Cancer Institute,
Madras and donated the prestigious Birla Award for
Medical Sciences to the Prime Minister’s National Relief
Fund. In turn, he has also been recognized: the Central
Leather Research Institute in Madras has named a build-
ing that houses its auditorium “Triple Helix” as a tribute
to the pioneering work of Ramachandran in the field of
collagen.
In his late sixties, Ramachandran began having symp-
toms of Parkinson’s disease and slowly began losing
control of his physical movement. His brain was active
as ever and he could be frequently seen working on
Fermat’s last theorem or the four-color problem. After
the unexpected death of his wife of more than five de-
cades, Ramachandran lived in a private nursing home
in Madras, where he passed away peacefully. He is sur-
vived by two sons and a daughter; all have doctorate
degrees in physics or computer science and are leading
researchers in their respective fields.
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